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NOTES FOR CMOS DEVICES 


@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS 

Note: 

Strong electric field, wnen exposed to a MOS device, can cause destruction of the gate oxide and 
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity 
as much as possible, and quickly dissipate it once, when it has occurred. Environmental control 
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using 
insulators that easily build static electricity. Semiconductor devices must be stored and transported 
in an anti-static container, static shielding bag or conductive material. All test and measurement 
tools including work bench and floor should be grounded. The operator should be grounded using 
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need 
to be taken for PW boards with semiconductor devices on it. 


HANDLING OF UNUSED INPUT PINS FOR CMOS 

Note: 

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided 
to the input pins, itis possible that an internal input level may be generated due to noise, etc., hence 
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Input levels 
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused 
pin should be connected to Vop or GND with a resistor, if it is considered to have a possibility of 
being an output pin. All handling related to the unused pins must be judged device by device and 
related specifications governing the devices. 


STATUS BEFORE INITIALIZATION OF MOS DEVICES 

Note: 

Power-on does not necessarily define initial status of MOS device. Production process of MOS 
does not define the initial operation status of the device. Immediately after the power source is 


turned ON, the devices with reset function have not yet been initialized. Hence, power-on does 


not guarantee out-pin levels, I/O settings or contents of registers. Device is not initialized until the 
reset signal is received. Reset operation must be executed immediately after power-on for devices 
having reset function. 


EEPROM is a trademark of NEC Corporation. 


The export of these products from Japan is regulated by the Japanese government. The export of some or all of these 
products may be prohibited without governmental license. To export or re-export some or all of these products from a 
country other than Japan may also be prohibited without a license from that country. Please call an NEC sales 
representative. 


The following products are manufactured and sold based on a license contract with CP8 Transac 
regarding the EEPROM microcontroller patent. 
These products cannot be used for an IC card (SMART CARD). 

Applicable products: uwPD789146, 789156, 789197AY, 789217AY Subseries 
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Purchase of NEC I?C components conveys a license under the Philips ?C Patent Rights to use these 
components in an PC system, provided that the system conforms to the ?C Standard Specification as 
defined by Philips. 


Applicable products: uPD789197AY, 789217AY Subseries 


The information in this document is current as of March, 1999. The information is subject to change 
without notice. For actual design-in, refer to the latest publications of NEC's data sheets or data 
books, eic., for the most up-to-date specifications of NEC semiconductor products. Not all products 
and/or types are available in every country. Please check with an NEC sales representative for 
availability and additional information. 

No part of this document may be copied or reproduced in any form or by any means without prior 

written consent of NEC. NEC assumes no responsibility for any errors that may appear in this document. 

NEC does not assume any liability for infringement of patents, copyrights or other intellectual property rights of 

third parties by or arising from the use of NEC semiconductor products listed in this document or any other 
liability arising from the use of such products. No license, express, implied or otherwise, is granted under any 
patents, copyrights or other intellectual property rights of NEC or others. 

Descriptions of circuits, software and other related information in this document are provided for illustrative 

purposes in semiconductor product operation and application examples. The incorporation of these 

circuits, software and information in the design of customer's equipment shall be done under the full 
responsibility of customer. NEC assumes no responsibility for any losses incurred by customers or third 
parties arising from the use of these circuits, software and information. 

While NEC endeavours to enhance the quality, reliability and safety of NEC semiconductor products, customers 
agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To minimize 
risks of damage to property or injury (including death) to persons arising from defects in NEC 
semiconductor products, customers must incorporate sufficient safety measures in their design, such as 
redundancy, fire-containment, and anti-failure features. 

NEC semiconductor products are classified into the following three quality grades: 

"Standard", "Special" and "Specific". The "Specific" quality grade applies only to semiconductor products 

developed based on a customer-designated "quality assurance program" for a specific application. The 
recommended applications of a semiconductor product depend on its quality grade, as indicated below. 

Customers must check the quality grade of each semiconductor product before using it in a particular 

application. 

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio 
and visual equipment, home electronic appliances, machine tools, personal electronic equipment 
and industrial robots 

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster 
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed 
for life support) 

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life 
support systems and medical equipment for life support, etc. 

The quality grade of NEC semiconductor products is "Standard" unless otherwise expressly specified in NEC's 
data sheets or data books, etc. If customers wish to use NEC semiconductor products in applications not 
intended by NEC, they must contact an NEC sales representative in advance to determine NEC's willingness 
to support a given application. 

(Note) 

(1) "NEC" as used in this statement means NEC Corporation and also includes its majority-owned subsidiaries. 

(2) "NEC semiconductor products" means any semiconductor product developed or manufactured by or for 

NEC (as defined above). 
M8E 00.4 
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Regional Information 


Some information contained in this document may vary from country to country. Before using any NEC 
product in your application, please contact the NEC office in your country to obtain a list of authorized 
representatives and distributors. They will verify: 


¢ Device availability 
¢ Ordering information 


¢ Product release schedule 


¢ Availability of related technical literature 


¢ Development environment specifications (for example, specifications for third-party tools and 
components, host computers, power plugs, AC supply voltages, and so forth) 


¢ Network requirements 


In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary 


from country to country. 


NEC Electronics Inc. (U.S.) 

Santa Clara, California 

Tel: 408-588-6000 
800-366-9782 

Fax: 408-588-6130 
800-729-9288 


NEC Electronics (Germany) GmbH 
Duesseldorf, Germany 

Tel: 0211-65 03 02 

Fax: 0211-65 03 490 


NEC Electronics (UK) Ltd. 
Milton Keynes, UK 

Tel: 01908-691-133 

Fax: 01908-670-290 


NEC Electronics Italiana s.r... 
Milano, Italy 

Tel: 02-66 75 41 

Fax: 02-66 75 42 99 


NEC Electronics (Germany) GmbH 
Benelux Office 

Eindhoven, The Netherlands 

Tel: 040-2445845 

Fax: 040-2444580 


NEC Electronics (France) S.A. 
Velizy-Villacoublay, France 

Tel: 01-30-67 58 00 

Fax: 01-30-67 58 99 


NEC Electronics (France) S.A. 
Madrid Office 

Madrid, Spain 

Tel: 91-504-2787 

Fax: 91-504-2860 


NEC Electronics (Germany) GmbH 
Scandinavia Office 

Taeby, Sweden 

Tel: 08-63 80 820 

Fax: 08-63 80 388 
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NEC Electronics Hong Kong Ltd. 
Hong Kong 

Tel: 2886-9318 

Fax: 2886-9022/9044 


NEC Electronics Hong Kong Ltd. 
Seoul Branch 

Seoul, Korea 

Tel: 02-528-0303 

Fax: 02-528-441 1 


NEC Electronics Singapore Pte. Ltd. 
United Square, Singapore 

Tel: 65-253-831 1 

Fax: 65-250-3583 


NEC Electronics Taiwan Ltd. 
Taipei, Taiwan 

Tel: 02-2719-2377 

Fax: 02-2719-5951 


NEC do Brasil S.A. 
Electron Devices Division 
Guarulhos-SP Brasil 

Tel: 55-11-6462-6810 
Fax: 55-11-6462-6829 
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MAJOR REVISIONS IN THIS EDITION 


Throughout * Addition of the following target products 
UPD789046, 789104, 789114, 789124, 789134, 789146, 789156, 789167, 789177, 789197AY, 
789217AY, 789407A, 789417A, and 789842 Subseries 


* Deletion of the following target products 
UPD789407, 789417, and 789806Y Subseries 


The mark * shows major revised points. 
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INTRODUCTION 


Readers This manual is intended for users who wish to understand the functions of 78K/0S 
Series products and to design and develop its application systems and programs. 


78K/0S Series products 


e u.PD789014 Subseries: uPD789011, 789012, 78P9014 

e u.PD789026 Subseries: uPD789022, 789024, 789025, 789026, 78F9026 
e uPD789046 Subseries “"*: uPD789046, 78F9046 

e uPD789104 Subseries: uPD789101, 789102, 789104 

e uPD789114 Subseries: uPD789111, 789112, 789114, 78F9116 


e uPD789124 Subseries “"*: uPD789121, 789122, 789124 

e uPD789134 Subseries “"*: = uPD789131, 789132, 789134, 78F9136 
e uPD789146 Subseries “"*: uPD789144, 789146 

e uPD789156 Subseries “"*: = uPD789154, 789156, 78F9156 

e uPD789167 Subseries “"*: sPD789166, 789167 

e uPD789177 Subseries “"*: PD789176, 789177, 78F9177 

e uPD789197AY Subseries “*: uPD789196AY, 789197AY, 78F9197AY 
e uPD789217AY Subseries “*: uPD789216AY, 789217AY, 78F9217AY 
e uPD789407A Subseries: uUPD789405A, 789406A, 789407A 

e uPD789417A Subseries: UPD789415A, 789416A, 789417A, 78F9418A 
e u.PD789800 Subseries: uPD789800, 78F9801 

e uPD789842 Subseries “*: uPD789841, 789842, 78F9842 


Note Under development 


Purpose This manual is intended for users to understand the instruction functions of 78K/0S 
Series products. 


Organization The contents of this manual are broadly divided into the following. 
e CPU functions 
e Instruction set 
e Explanation of instructions 


How to read this manual It is assumed that the reader of this manual has general knowledge in the fields of 
electrical engineering, logic circuits, and microcontrollers. 


e To check the details of the functions of an instruction whose mnemonic is known: 
— See APPENDICES A and B INSTRUCTION INDEX. 

e To check an instruction whose mnemonic is not known but whose general function is 
known: 
— Check the mnemonic in CHAPTER 4 INSTRUCTION SET, then the functions in 

CHAPTER 5 EXPLANATION OF INSTRUCTIONS. 

¢ To understand the overall functions of the 78K/0S Series products instructions in 
general: 
— Read this manual in the order of the CONTENTS. 
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¢ To learn the hardware functions of the 78K/0S Series products: 
— Refer to the user's manual for each product (see Related documents). 


Conventions Data significance: Higher digits on the left and lower digits on the right 
Note: Footnote for item marked with Note in the text 
Caution: Information requiring particular attention 
Remark: Supplementary information 
Numeral representation: Binary... XXxx OF XxxxB 
Decimal............ xXxXxX 


Hexadecimal ....xxxxH 


* Related Documents 
The related documents indicated in this publication may include preliminary versions. However, preliminary 
versions are not marked as such. 


o Document common to 78K/0S Series 


Document Name Document Number 
English Japanese 


User's Manual Instructions U11047J 


° Individual documents 


e uPD789014 Subseries 


Document Name Document Number 
English Japanese 


uPD789011, 789012 Data Sheet U11095E U11095J 
uPD78P9014 Data Sheet U10912E U10912J 
PD789014 Subseries User's Manual U11187E U11187J 


e uPD789026 Subseries 


Document Name Document Number 
English Japanese 


HPD789022, 789024, 789025, 789026 Data Sheet U11715E U11715J 
uPD78F9026 Data Sheet U11858E U11858J 
uUPD789026 Subseries User's Manual U11919E U11919J 


e uPD789046 Subseries 


Document Name Document Number 
English Japanese 


uUPD789046 Preliminary Product Information U13380E U13380J 
LPD78F9046 Preliminary Product Information U13546E U13546J 
uUPD789046 Subseries User's Manual U13600E U13600J 
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e uPD789104 Subseries 


Document Name Document Number 
English Japanese 


LPD789101, 789102, 789104 Data Sheet To be prepared |U12815J 
UPD789134 Subseries User’s Manual U13045E U13045J 


e uPD789114 Subseries 


Document Name Document Number 
English Japanese 


uPD789111, 789112, 789114 Preliminary Product Information U13013E U13013J 
uPD78F9116 Preliminary Product Information U13037E U13037J 
LPD789134 Subseries User's Manual U13045E U13045J 


e uPD789124 Subseries 


Document Name Document Number 
English Japanese 


uPD789121, 789122, 789124 Preliminary Product Information U13025E U13025J 
LPD789134 Subseries User's Manual U13045E U13045J 


e uPD789134 Subseries 


Document Name Document Number 
English Japanese 


HPD789131, 789132, 789134 Preliminary Product Information U13015E U13015J 
UPD78F9136 Preliminary Product Information U13036E U13036J 
UPD789134 Subseries User’s Manual U13045E U13045J 


e uPD789146, 789156 Subseries 


Document Name Document Number 
English Japanese 


uPD789144, 789146, 789154, 789156 Preliminary Product Information U13478E U13478J 
LPD78F9156 Preliminary Product Information To be prepared | U13756J 
uUPD789146, 789156 Subseries User’s Manual U13651E U13651J 


e uPD789167, 789177 Subseries 


Document Name Document Number 
English Japanese 


LPD789166, 789167, 789176, 789177 Preliminary Product Information To be prepared |U14017J 
uPD78F9177 Preliminary Product Information To be prepared | U14022J 
LPD789177 Subseries User's Manual To be prepared | To be prepared 
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e uPD789197AY Subseries 


Document Name Document Number 
English Japanese 


UPD789196AY, 789197AY Preliminary Product Information U13853E U13853J 
uPD78F9197Y Preliminary Product Information U13224E U13224J 
HPD789217Y Subseries User’s Manual U13186E U13186J 


e uPD789217AY Subseries 


Document Name Document Number 
English Japanese 


UPD789216Y, 789217Y Preliminary Product Information U13196E U13196J 
UPD78F9217Y Preliminary Product Information U13205E U13205J 
uPD789217Y Subseries User’s Manual U13186E U13186J 


e uPD789407A, 789417A Subseries 


Document Name Document Number 
English Japanese 


UPD789405A, 789406A, 789407A, 789415A, 789416A, 789417A Data Sheet To be prepared |U14024J 


UPD78F9418A Data Sheet To be prepared | To be prepared 
UPD789407A, 789417A Subseries User's Manual To be prepared |U13952J 


e uPD789800 Subseries 


Document Name Document Number 
English Japanese 


PD789800 Data Sheet U12627E U12627J 
UPD78F9801 Preliminary Product Information U12626E U12626J 
uUPD789800 Subseries User's Manual U12978E U12978J 


e uPD789842 Subseries 


Document Name Document Number 
English Japanese 


UPD789841, 789842 Preliminary Product Information U13790E U13790J 
LPD78F9842 Preliminary Product Information U13901E U13901J 
UPD789842 Subseries User's Manual U13776E U13776J 


Caution The above documents are subject to change without prior notice. Be sure to use the latest 
version document when starting design. 
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CHAPTER 1 MEMORY SPACE 


1.1. Memory Space 


The 78K/0S Series product program memory map varies depending on the internal memory capacity. For details 
of the memory mapped address area, refer to the User's Manual of each product. 


1.2 Internal Program Memory (Internal ROM) Space 


The 78K/0S Series product has internal ROM in the address space shown below. Program and table data, etc. 
are stored in ROM. This memory space is usually addressed by the program counter (PC). 


Table 1-1. Internal ROM Space of 78K/0S Series Products (1/2) 


QK___ capacity 2 Kbytes 4 Kbytes 8 Kbytes 12 Kbytes 16 Kbytes 24 Kbytes 32 Kbytes 


Address} OOOOH to 0000H to 0000H to 0000H to 0000H to 0000H to 0000H to 
Space} 07FFH OFFFH 1FFFH 2FFFH 3FFFH 5FFFH 7FFFH 
Subseries Name 
uPD789014 uPD789011 uPD789012 uPD78P9014 
Subseries 
uPD789022 uPD789024 uPD789025 uPD789026 
uPD78F9026 
uPD789046 
uPD78F9046 
uPD789111 uPD789112 uPD789114 Lee ri 
uPD789131 uPD789132 uPD789134 a ee [ta 
uPD789144 deen 


Subseries 


Subseries 


Subseries 


Subseries 


Subseries 


Subseries 


Subseries 


Subseries 


Subseries 


Subseries 


uPD789197AY 
Subseries 


i 
ae 
Soil mead 
Silt al 
— 
=i eal 
=e 
_ 
ian 
a 
ll 
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Table 1-1. Internal ROM Space of 78K/0S Series Products (2/2) 


QA Capacity] 2 Kbytes _| 2 Kbytes 4 Kbytes 8 Kbytes 12 Kbytes 16 Kbytes 24 | 24 Kbytes | 32 | 32 Kbytes _| 


Address} OOOOH to 0000H to 0000H to 0000H to 0000H to 0000H to 0000H to 
Space} 07FFH OFFFH 1FFFH 2FFFH 3FFFH 5FFFH 7FFFH 
Subseries Name 


uPD789217AY uUPD789216AY | uwPD789217AY 
Subseries uPD78F9217AY 


Subseries 


uUPD789417A 


i UPD789415A | uPD789416A | uwPD789417A | uPD78F9418A 
Subseries 
Subseries 
uUPD789842 uPD789841 uUPD789842 
uPD78F9842 


Subseries 
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1.3 Vector Table Area 


The vector table area stores program start addresses to which execution branches when the RESET signal is 
input or when an interrupt request is generated. Of the 16-bit address, the lower 8 bits are stored in an even 
address, and the higher 8 bits are stored in an odd address. 


Table 1-2. Vector Table (0000H to 0013H) (uPD789014 Subseries) 


oes 


Table 1-3. Vector Table (O000H to 002BH) (uPD789026 Subseries) 


Table 1-4. Vector Table (0000H to 0019H) (uPD789046 Subseries) 


Table 1-5. Vector Table (0000H to 0015H) (uPD789104, 789114, 789124, 789134 Subseries) 


Vector Table Address Interrupt Request Vector Table Address Interrupt Request 
0000H RESET input 000CH INTSR20/INTCSI20 
0004H INTWDT OO0EH INTST20 


0006H INTPO 0010H INTTM80 
0008H INTP1 0012H INTTM20 
000AH INTP2 0014H INTADO 
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x Table 1-6. Vector Table (0000H to 0019H) (uPD789146, 789156 Subseries) 


Vector Table Address Interrupt Request Vector Table Address Interrupt Request 
0000H RESET input 0O0EH INTST20 
0004H INTWDT 0010H INTTM80 


* Table 1-7. Vector Table (O000H to 0023H) (wPD789167, 789177 Subseries) 


x Table 1-8. Vector Table (0000H to 0027H) (uPD789197AY, 789217AY Subseries) 
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Table 1-9. Vector Table (O000H to 0023H) (wPD789407A and wPD789417A Subseries) 


own wr 


Table 1-10. Vector Table (O000H to 0019H) (uPD789800 Subseries) 


Table 1-11. Vector Table (Q000H to 0023H) (u~PD789842 Subseries) 
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1.4 CALLT Instruction Table Area 


In a 64-byte address area 0040H to 007FH, the subroutine entry address of a 1-byte call instruction (CALLT) can 
be stored. 


1.5 Internal Data Memory Space 
The 78K/0S Series products incorporate the following data memory: 


(1) Internal high-speed RAM 
The 78K/0S Series products incorporate internal high-speed RAM in the address space shown in Table 1-12. 
The internal high-speed RAM is also used as a stack memory. 

(2) LCD display RAM (uPD789407A and uPD789417A Subseries) 
LCD display RAM is allocated in the area between FAOOH and FA1BH. 
The LCD display RAM can also be used as ordinary RAM. 

(3) EEPROM™ (uPD789146, 789156, 789197AY, 789217AY Subseries) 
Electrically erasable PROM (EEPROM) is allocated in the address space shown in Table 1-12. 
Unlike ordinary RAM, EEPROM retains the data it contains even when the power is turned off. Also, unlike 
EPROM, the contents of EEPROM can be erased electrically, without the need to expose the chip to 
ultraviolet light. 


Table 1-12. Internal Data Memory Space of 78K/0S Series Products (1/2) 


Product Name High-Speed RAM LCD Display RAM EEPROM 


uPD789014 ae FE80H to FEFFH 
Subseries uPD789012, (128 bytes) 
uPD78P9014 FEOOH to FEFFH 
(256 bytes) 


uPD789026 [upo7eooz2 Se | to FEFFH 

Subseries uPD789024 Se | bytes) 
uPD789025 FDOOH to FEFFH 
uPD789026 (512 bytes) 
uPD78F9026 


uUPD789046 uPD789046 FDOOH to FEFFH 


Subseries uPD78F9046 (512 bytes) 

uPD789104 uPD789101 FEOOH to FEFFH 

Subseries uPD789102 (256 bytes) 
uPD789104 

uPD789114 uPD789111 FEOOH to FEFFH 

Subseries uPD789112 (256 bytes) 
uPD789114 


uPD78F9116 
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Table 1-12. Internal Data Memory Space of 78K/0S Series Products (2/2) 


Product Name High-Speed RAM LCD Display RAM EEPROM 


uPD789124 FEOOH to FEFFH 
Subseries (256 bytes) 
uPD789124 
uPD789134 uPD789131 FEOOH to FEFFH 
Subseries uPD789132 (256 bytes) 
uPD789134 
uPD78F9136 
uPD789146 uPD789144 FEOOH to FEFFH F800H to F8FFH 
Subseries uPD789146 (256 bytes) (256 bytes) 
uPD789156 uPD789154 FEOOH to FEFFH F800H to F8FFH 
Subseries uPD789156 (256 bytes) (256 bytes) 
uPD78F9156 
uPD789167 uPD789166 FDOOH to FEFFH 
Subseries uPD789167 (512 bytes) 
uPD789177 uPD789176 FDOOH to FEFFH 
Subseries uPD789177 (512 bytes) 
uPD78F9177 
uUPD789197AY uPD789196AY FDOOH to FEFFH 
Subseries uPD789197AY (512 bytes) 
UPD78F9197AY 
uPD789217AY uUPD789216AY FDOOH to FEFFH F800H to F87FH 
Subseries uPD789217AY (512 bytes) (128 bytes) 
uUPD78F9217AY 
uUPD789407A uUPD789405A FDOOH to FEFFH 
Subseries uPD789406A (512 bytes) 
uPD789407A 
uUPD789417A uPD789415A FDOOH to FEFFH FAOOH to FA1BH 
Subseries uPD789416A (512 bytes) (28 bytes) 
uPD789417A 
UPD78F9418A 
LPD789800 “PD789800 FEOOH to FEFFH 
Subseries uPD78F9801 (256 bytes) 
uUPD789842 uPD789841 FEOOH to FEFFH 
Subseries uPD789842 (256 bytes) 


uUPD78F9842 
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1.6 Special Function Register (SFR) Area 


Special-function registers (SFRs) of on-chip peripheral hardware are allocated to the area FFOOH to FFFFH 
(refer to the User's Manual of each product). 
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2.1 Control Registers 


The control registers have dedicated functions such as controlling the program sequence, statuses, and stack 
memory. The control registers include a program counter, program status word, and stack pointer. 


2.1.1. Program counter (PC) 

The program counter is a 16-bit register that holds the address information of the next program to be executed. 

In normal operation, the PC is automatically incremented according to the number of bytes of the instruction to be 
fetched. When a branch instruction is executed, immediate data and register contents are set. 

When the RESET signal is input, the program counter is set to the value of the reset vector table, which are 
located at addresses 0000H and 0001H. 


Figure 2-1. Format of Program Counter 


PC 


15 0) 
Poss ova povl Porro poo] Po] oo] or] Pos] Fos] Poe] Pos] Poa] P| Pom 


2.1.2 Program status word (PSW) 

Program status word is an 8-bit register consisting of various flags to be set/reset by instruction execution. 

The contents of program status word are automatically stacked when an interrupt request is generated or when 
the PUSH PSW instruction is executed and, are automatically reset when the RETI and POP PSW instruction are 
executed. 

RESET input sets PSW to 02H. 


Figure 2-2. Format of Program Status Word 


7 0 
Petz [eo fal of ols le 
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(1) Interrupt enable flag (IE) 
This flag controls interrupt request acknowledge operations of the CPU. 
When IE = 0, all interrupts except non-maskable interrupts are disabled (DI status). 
When IE = 1, interrupts are enabled (El status). At this time, acknowledgment of interrupt requests is 
controlled by the interrupt mask flag for each interrupt source. 
The IE flag is reset (0) when the DI instruction execution is executed or when an interrupt is acknowledged, 
and set (1) when the El instruction is executed. 


(2) Zero flag (Z) 
When the operation result is zero, this flag is set (1); otherwise, it is reset (0). 


(3) Auxiliary carry flag (AC) 
If the operation result has a carry from bit 3 or a borrow to bit 3, this flag is set (1); otherwise, it is reset (0). 


(4) Carry flag (CY) 
This flag records an overflow or underflow upon add/subtract instruction execution. It also records the shift- 
out value upon rotate instruction execution, and functions as a bit accumulator during bit operation instruction 
execution. 


2.1.3 Stack pointer (SP) 
This is a 16-bit register that holds the first address of the stack area in the memory. Only the internal high-speed 


RAM area can be set as the stack area. 


Figure 2-3. Format of Stack Pointer 


15 0 
es ere ri oe or [sro] Sr] So] 57] ho] So] Shr] Sr] Sea] S| 


SP 


The SP is decremented ahead of write (save) to the stack memory, and is incremented after read (reset) from the 
stack memory. 
The data saved/restored as a result of each stack operation are as shown in Figures 2-4 and 2-5. 


Caution Since RESET input makes the SP contents undefined, be sure to initialize the SP before 
executing an instruction. 
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Figure 2-4. Data to Be Saved to Stack Memory 


PUSH rp CALL, CALLT Interrupt 
instruction instructions 
SP +SP -3 
SP ~SP -2 SP ~SP -2 ah PC7 to PCO 
_ Lower byte in _ 7 
an 2 register pair an 2 PC7 to PCO a 2 PC15 to PC8 
7” Upper byte in os 2 
a 1 register pair ae 1 PC15 to PC8 is 1 PSW 
SP > AS aaa SP > 
Figure 2-5. Data to Be Restored from Stack Memory 
POP rp RET instruction RETI instruction 
instruction 
Lower byte in 
ane register pair = a PC7 to PCO SP > PC7 to PCO 
Upper byte in 
SP +1 etl el SP +1 PC15 to PC8 SP +1 PC15 to PC8 
SP ~SP +2 SP~SP +2 SP +2 PSW 
SP ~SP +3 


2.2 General-Purpose Registers 


The general-purpose register consists of eight 8-bit registers (X, A, C, B, E, D, L, and H). 

Each register can be used as an 8-bit register, or two 8-bit registers in pairs can be used as a 16-bit register (AX, 
BC, DE, and HL). 

Registers can be described in terms of functional names (X, A, C, B, E, D, L, H, AX, BC, DE, and HL) and 
absolute names (RO to R7 and RPO to RP3). 
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Figure 2-6. General-Purpose Register Configuration 


(a) Absolute name 


16-bit processing 8-bit processing 


RP3 


RP2 


RP1 


(=) 


(b) Functional name 


16-bit processing 8-bit processing 


HL 


BC 


AX 
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2.3 Special Function Registers (SFRs) 


Unlike general-purpose registers, special function registers have their own functions and are allocated to the 256- 
byte area FFOOH to FFFFH. 

A special function register can be manipulated, like a general-purpose register, by using operation, transfer, and 
bit manipulation instructions. The bit units in which one register is to be manipulated (1, 8, and 16) differ depending 
on the special function register type. 

The bit unit for manipulation is specified as follows. 


e 1-bit manipulation 
Describes a symbol reserved by the assembler for the 1-bit manipulation instruction operand (sfr.bit). This 
manipulation can also be specified with an address. 


e 8-bit manipulation 
Describes a symbol reserved by the assembler for the 8-bit manipulation instruction operand (sfr). This 
manipulation can also be specified with an address. 

e 16-bit manipulation 
Describes a symbol reserved by the assembler for the 16-bit manipulation instruction operand. When 


addressing an address, describe an even address. 


For details of the special function registers, refer to the User's Manual of each product. 
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3.1 Addressing of Instruction Address 


An instruction address is determined by the program counter (PC) contents. The PC contents are normally 
incremented (+1 per byte) automatically according to the number of bytes of an instruction to be fetched each time 
another instruction is executed. When a branch instruction is executed, the branch destination information is set in 
the PC and branched by the following addressing (For details of each instruction, see CHAPTER 5 EXPLANATION 
OF INSTRUCTIONS). 


3.1.1. Relative addressing 


[Function] 

The value obtained by adding the 8-bit immediate data (displacement value: jdisp8) of an instruction code to 
the first address of the following instruction is transferred to the program counter (PC) and program branches. 
The displacement value is treated as signed two’s complement data (—128 to +127) and bit 7 becomes a sign bit. 
Thus, relative addressing causes a branch to an address within the range of —128 to +127, relative to the first 
address of the next instruction. 

This function is carried out when the BR $addr16 instruction or a conditional branch instruction is executed. 


[Illustration] 
15 0 


of instruction next to 


BR instruction. 


15 8 7 6 0 

Po sf 
jdisp8 

15 0 


__ 


When S = 0, all bits of a are 0. 
When S = 1, all bits of o are 1. 
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3.1.2 Immediate addressing 


[Function] 

Immediate data in the instruction word is transferred to the program counter (PC) and program branches. 

This function is carried out when the CALL !addr16 or BR !addr16 instruction is executed. 

The CALL !addr16 and BR !addr16 instructions can be used to branch to any address within the memory 
spaces. 


[Illustration] 
In case of CALL !addr16 or BR !addr16 instruction 


7 0 
CALL or BR 
Low addr. 
High addr. 
15 87 0 


PC 


30 User's Manual U11047EJ3VOUMO00 


CHAPTER 3 ADDRESSING 


3.1.3 Table indirect addressing 


[Function] 

Table contents (branch destination address) of a particular location, addressed by the immediate data of bits 1 
to 5 of an instruction code are transferred to the program counter (PC), and program branches. 

Table indirect addressing is performed when the CALLT [addr5] instruction is executed. This instruction 
references the address stored in the memory table from 40H to 7FH, and allows branching to the entire memory 
space. 


[Illustration] 


7 6 5 1 0 


15 8 7 6 5 10 


Effective address 0 00 0 0 0 0 0/0 a) 


7 Memory (table) 0 
Low addr. 
Effective address + 1 High addr. 
15 8 7 0 


PC 


User’s Manual U11047EJ3VOUMO00 31 


CHAPTER 3 ADDRESSING 


3.1.4 Register addressing 


[Function] 

Register pair (AX) contents specified with an instruction word are transferred to the program counter (PC) and 
program branches. 

This function is carried out when the BR AxX instruction is executed. 


[Illustration] 
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3.2 Addressing of Operand Address 


The following methods are available to specify the register and memory (addressing) which undergo manipulation 
during instruction execution. 


3.2.1 Direct addressing 


[Function] 
This addressing directly addresses a memory to be manipulated with immediate data in an instruction word. 


[Operand format] 


addr16 Label or 16-bit immediate data 


[Description example] 
MOV A, !FEOOH; When setting !addr16 to FEOOH 


Instruction code 0 01 0 1 0 0 1 | OP code 


0 00 0 0 0 0 0} 00H 


1 114 14 #1 =#14 #41 #0] FEH 


[Illustration] 


OP code 


addr16 (lower) 


addr16 (higher) 


Memory 


User’s Manual U11047EJ3VOUMO00 33 


CHAPTER 3 ADDRESSING 


3.2.2 Short direct addressing 


[Function] 

This addressing directly addresses memory to be manipulated in the fixed space with the 8-bit data in an 
instruction word. 

This addressing is applied to the 256-byte fixed space of FE20H to FF1FH. An internal high-speed RAM and 
special function registers (SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively. 

The SFR area (FFOOH-FF1FH) to which short direct addressing is applied constitutes only part of the overall 
SFR area. In this area, ports that are frequently accessed in a program and a compare register of the timer/event 
counter are mapped, and these SFRs can be manipulated with a small number of bytes and clocks. 

When 8-bit immediate data is 20H to FFH, bit 8 of an effective address is set to 0. When it is OOH to 1FH, bit 8 
is set to 1. See Illustration below. 


[Operand format] 


Label or FE20H to FF1FH immediate data 
Label or FE20H to FF1FH immediate data (even address only) 


[Description example] 
MOV FE30H, #50H; When setting saddr to FE30H and the immediate data to 50H 


Instruction code 111 14 #0 1 =O 1 | OP code 


1 1 0 O O 0 | 30H (saddr-offset) 


0 1 0 1 0 0 O 0 |} 50H (immediate data) 


[Illustration] 


N 
Oo 


OP code 


saddr-offset 


a Short direct memory 


Effective 
address 


When 8-bit immediate data is 20H to FFH, « 
When 8-bit immediate data is OOH to 1FH, a 


0. 
aps 
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3.2.3 Special function register (SFR) addressing 


[Function] 

This addressing is to address special function registers (SFRs) mapped to the memory with the 8-bit immediate 
data in an instruction word. 

This addressing is applied to the 240-byte spaces of FFOOH to FFCFH and FFEOH to FFFFH. However, the 
SFRs mapped at FFOOH to FF1FH can also be accessed by means of short direct addressing. 


[Operand format] 


Special function register name 


[Description example] 
MOV PMO, A; When selecting PMO for sfr 


Instruction code 1110041 1 41 


[Illustration] 


OP code 


sfr-offset 


Effective 
address 
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3.2.4 Register addressing 


[Function] 
This addressing is to access a general-purpose register by specifying it as an operand. The general-purpose 
register to be accessed is specified with a register specification code in an instruction code or function name. 
Register addressing is carried out when an instruction with the following operand format is executed. When an 
8-bit register is specified, one of the eight registers is specified with 3 bits (register specification code) in the 
instruction code. 


[Operand format] 


a 
AX, BO, DE, HL 


'r' and 'rp' can be described with absolute names (RO to R7 and RPO to RP3) as well as functional names (X, A, 
C, B, E, D, L, H, AX, BC, DE, and HL). 


[Description example] 
MOV A, C; When selecting the C register for r 


Instruction code 0 0001 0 1 +0 


Register specification code 


INCW DE; When selecting the DE register pair for rp 


Instruction code 10001 0 0 0 


Register specification code 
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3.2.5 Register indirect addressing 


[Function] 

This addressing is to address memory using the contents of the special register pair as an operand. The 
register pair to be accessed is specified with the register pair specification code in an instruction code. This 
addressing can be carried out for the entire memory space. 


[Operand format] 


er 


[Description example] 
MOV A, [DE]; When selecting register pair [DE] 


Instruction code 00101 0 1 =41 


[Illustration] 


Memory address 
specified with 
register pair DE 


The contents of 
the specified memory 
address are transferred. 


7 
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3.2.6 Based addressing 


[Function] 

This addressing is to address the memory by using the result of adding 8-bit immediate data to the contents of 
the base register, i.e., the HL register pair. The addition is performed by expanding the offset data as a positive 
number to 16 bits. A carry from the 16th bit is ignored. This addressing can be carried out for the entire memory 
space. 


[Operand format] 


[Description example] 
MOV A, [HL+10H]; When setting “byte” to 10H 


Instruction code 0010 1 1 0 1 


3.2.7 Stack addressing 


[Function] 

This addressing is to indirectly address the stack area with the stack pointer (SP) contents. 

This addressing method is automatically employed when the PUSH, POP, subroutine call, or RETURN 
instructions is executed or when the register is saved/restored upon generation of an interrupt request. 

Stack addressing can address the internal high-speed RAM area only. 


[Description example] 
In the case of PUSH DE 


Instruction code 10101 0 1 =0 
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This chapter lists the instruction set of the 78K/0S Series. The instructions are common to all 78K/OS Series 
products. 
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4.1 Operation 


4.1.1 Operand representation and description formats 

In the operand column of each instruction, an operand is described according to the description format for 
operand representation of that instruction (for details, refer to the assembler specifications). When there are two or 
more description methods, select one of them. Uppercase characters, #, !, $ and [ ] are keywords and must be 
described as is. Each symbol has the following meaning. 


e # : Immediate data e $ : Relative address 
e ! : Absolute address e [] : Indirect address 


In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure to 
describe #, !, $, or [ ]. 
For operand register description formats, r and rp, either functional names (X, A, C, etc.) or absolute names 


(names in parentheses in the table below, RO, R1, R2, etc.) can be described. 


Table 4-1. Operand Representation and Description Formats 


Description Format 


r X (RO), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7) 

rp AX (RPO), BC (RP1), DE (RP2), HL (RP3) 

sfr Special function register symbol 

saddr FE20H to FF1FH Immediate data or labels 

saddrp FE20H to FF1FH Immediate data or labels (even addresses only) 


addr16 0000H to FFFFH Immediate data or labels (only even addresses for 16-bit data transfer instructions) 
addr5 0040H to 007FH Immediate data or labels (even addresses only) 


word 16-bit immediate data or label 
byte 8-bit immediate data or label 
bit 3-bit immediate data or label 


Remark Refer to the User's Manual of each product for symbols of special function registers. 
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4.1.2 Description of operation column 


A register; 8-bit accumulator 
X register 
B register 
C register 
D register 
E register 
H register 


riImoQgm9X> 


L register 


OD > 


AX register pair; 16-bit accumulator 
BC register pair 


s) 
m 


DE register pair 

HL: HL register pair 

PC: Program counter 
SP: Stack pointer 

PSW: — Program status word 
CY: Carry flag 


AC: Auxiliary carry flag 

Zz: Zero flag 

IE: Interrupt request enable flag 

NMIS: | Non-maskable interrupt servicing flag 

(): Memory contents indicated by address or register contents in parentheses 
XH, XL: Higher 8 bits and lower 8 bits of 16-bit register 

A Logical product (AND) 

Vv! Logical sum (OR) 

ME Exclusive logical sum (exclusive OR) 


: Inverted data 
addr16: 16-bit immediate data or label 
jdisp8: Signed 8-bit data (displacement value) 


4.1.3 Description of flag column 


(Blank): Not affected 


0: Cleared to 0 

ae Set to 1 

x! Set/cleared according to the result 
R: Previously saved value is restored 
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4.1.4 Description of clock column 
The number of clock cycles during instruction execution is outlined as follows. 
One instruction clock cycle is equal to one CPU clock cycle (fcru) selected by the processor clock control register 


(PCC). 


The operation list is shown below. 
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4.1.5 Operation list 


Mnemonic Operand Byte | Clock Operation Flag 
Z AC CY 


MOV 


Notes 1. 


ime [alee ——SidSC—~™ 
aaase [a | 6 leawom —SSSCSC~—SCSC~* 
Ea 
ae fee OOOOCOC~—~—SCSCSSYSC*'d 
cx fa pea SCS 
Se 
Ee 0 
Ce 
na ide ps fer CSC~C—C~idSSC‘*d 
aware ia |e face —SSSOSC~—~—SSSC*d 
feats. ida etn SSCSC~SC*d 
swine [a | lrsweme SSSSOSCS~i 
ar ide [« |acrw OOSSC—~—S—S—~—sSSC*'”d 
nea —idt + fs feo SOSC—SCS SCC 
ous [s,s loca SS SCS 
anid Pe fey SOOSCSC—SCSd 
mua [s[elweaSSsSsd——C—S 
Er OO 


A, [HL + byte] 


Except r = 


2. Exceptr = xX. 


Remark One instruction clock cycle is equal to one CPU clock (fceu) cycle selected by the processor clock control 


register (PCC). 
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Mnemonic Operand Byte | Clock Operation Flag 
Z AC CY 


wow neoa [ee |eewa SCS SCC”? 
keaton ide | 8 lame —OOSCSC~C~—~*~—SOSC~* 

acon. | 2 |e lease SSSC~sSC~*d 

ie | fe lee OOOCSC—C~SC*d 

oak i e 

a 


(saddr), CY < (saddr) + byte 


A, CY < A + (saddr) + CY 


A, CY < A+ (HL + byte) + CY 
A, CY « A-byte 

(saddr), CY < (saddr) — byte 
A, CY A- 


A, [HL + byte] 


Note Only when rp = BC, DE, or HL. 


Remark One instruction clock cycle is equal to one CPU clock (fceu) cycle selected by the processor clock control 
register (PCC). 
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_ 


A, #byte A€ Anabyte 


saddr, #byte (saddr) < (saddr)Abyte 
A < Aa(saddr) 
Ae Anladert6 
Ae ANHL + byte 


saddr, #byte (saddr) < (saddr)vbyte 


A, saddr A + Av(saddr) 


A «€ Av(addr16) 
Ae RL By 
eee 


saddr, #byte (saddr) < (saddr)byte 


Ae Av(adi6) 
Paces 
ese 


saddr, #byte 


A, !addr16 
A, [HL] 
A, [HL + byte] 


Remark One instruction clock cycle is equal to one CPU clock (fceu) cycle selected by the processor clock control 
register (PCC). 
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Mnemonic Operand Byte | Clock Operation 
Z AC CY 


sow _[emos fa |e [morememe —SSSS~i | 
suew [axes —f a |e [acre ak-wns——SSOSCS*~id | 
euew [axe fa fe [awe SSSSCS~id 
i a 2 
a 


(CY < Ao, A7 — CY, Am-1 <— Am) x 1 
CY < Ay, Ao < CY, Amst <— Am 


(crests ete 


oer 


cule laddr16 (SP — 1) — (PC + 3)x, (SP — 2) — (PC + 3) 
PC < addr16, SP — SP-2 

CALLT [addr5] (SP — 1) — (PC + 1), (SP —2) — (PC + 1)L, 
PCu < (00000000, addr5 + 1), 
PC. < (00000000, addr5), SP — SP -2 


Remark One instruction clock cycle is equal to one CPU clock (fcpu) cycle selected by the processor clock control 
register (PCC). 


ru Hot Es 
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i 


| 6 [PCH (SP +1), PC. — (SP), SP — SP +2 


eee (SP +2), SP <— SP +3, NMIS < 0 
PUSH | 2 |isp-1) « PSW, SP «+ SP-1 
pe fa powemnisenet 
ef kf rpH <— (SP + 1), rp. <— (SP), SP << SP +2 
wow ora sd te forme Cd 
2 
= = 


seus «te | 6 [cerceaemee | 
xt Ls PearoexSCdSCC*d 
ao _|ewors ——*it | 6 [roc rovaumonoe1 | 
no [swe «| 2 | 6 [roc roxzemeenov-0 | 
fasts 2 | 6 rocrosesmqenz-0 
sense | [pore eepisonesenmn =e 
anon serie | 4 | 10 [Po PO+Avioapensrot=t 
fawn seaare | | @ [pce Povaesponamr=1 | 
emote [+ [po rere-iawesrowetat 
[sadarbit, gadarié. = | 4 | to | PC < PC + 4 + jdisp8 if (saddr.bit) = 
as. oane | « | w [row rceaspupstonat-0 
awa seaore | | @ [pce Povaeypenamr=0 | 
owen. seas | 4 | 10 [Po POAvioapenPowen=0 
piss | @ | 6 [peo-tmmroero+2veaero=0 | 
zaew 
pat alza 
oo A ee 
p32 |e | 
et lee 
pated Es 


® 
mi 


C, $addr16 C<C-1, then PC < PC + 2 + jdisp8 if C +0 


saddr, $addr16 (saddr) < (saddr) — 1, then 


PC + PC +3 + jdisp8 if (saddr) # 0 


Remark One instruction clock cycle is equal to one CPU clock (fceu) cycle selected by the processor clock control 
register (PCC). 


W 
Tn 
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4.1.6 Instruction list by addressing 
(1) 8-bit instructions 


MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, INC, DEC, ROR, ROL, RORC, ROLC, PUSH, 
POP, DBNZ 


2nd operand} #byte saddr | laddri6 | PSW | [DE] [HL + byte] | $addr16 1 None 
1st operand 


CMP 


| | | | } ft fT ft J fos | 
peor feof 


laddr16 


MOV DBNZ INC 
DEC 


Note Exceptr= 
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(2) 16-bit instructions 
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW 


2nd operand #word AX rp“ saddrp SP 
1st operand 
MOVW MOVW MOVW 
XCHW 


Note Only when rp = BC, DE, HL. 


(3) Bit manipulation instructions 
SET1, CLR1, NOT1, BT, BF 


2nd operand $saddr None 
ist operand 
A. bit BT SET1 
CLR1 
sfr.bit SET1 
CLR1 
saddr.bit SET1 
CLR1 


PSW.bit SETI 
BF CLRI1 

[HL].bit SETI 
CLRI1 


CY SET1 
CLR1 
NOT1 
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(4) Call instructions/branch instructions 
CALL, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, DBNZ 


2nd operand laddr16 [addr5] $addr16 
1st operand 


Basic instructions ai CALL CALLT 


(5) Other instructions 
RET, RETI, NOP, El, DI, HALT, STOP 
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4.2 Instruction Codes 


4.2.1 Description of instruction code table 


Bn: 

Data: 

Low/High byte: 
Saddr-offset: 
Sfr-offset: 
Low/High addr: 
jdisp: 


ta4too: 


Immediate data corresponding to “bit” 

8-bit immediate data corresponding to “byte” 

16-bit immediate data corresponding to “word” 

16-bit address lower 8-bit offset data corresponding to “saddr” 

sfr 16-bit address lower 8-bit offset data 

16-bit immediate data corresponding to “addr16” 

Signed two's complement data (8 bits) of relative address distance between the start and branch 
addresses of the next instruction 

5 bits of immediate data corresponding to “addr5” 
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4.2.2 Instruction code list 


Mnemonic Operand Instruction Code 
sessrwore fs taeoros| Seowotee [owe | 
crore fess torts| srotee | owe | 
Ar foooororojoorommmn) «| 
pa foooosoro|riio nme) | 
asec fooroores| sewrome | «dT SSS 
ona es to0ros| Sera | Ss 
Ase fooroorrs| seo | Sid SS 
aca _fesvoorrs| sro | Sid SS 
Awsons [ooro1o01| toa | Wore | 
jesosa [est 0100%| towasr | Wonaaor | 
rowvene [ssieovorfooorsii0| om | 
Apsw _fooroororjooorstso) iSO 
rwa_[sssoororfooorssao)—*dS—S—S— 

jeg forever 


pax ferorens 

CCE 

eC 

vero foororres[ om [| 
1 


0000 1010/0000 ReRiRot 
00000101 Saddr-offset 
000001141 Sfr-offset 


000010141 


nee 11.101 Pi P00 0 


wows 11°11 0 Pri P00 0 
{ 


Notes 1. Exceptr=A 
2. Exceptr =A, X. 
3. Only when rp = BC, DE, or HL. 
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Mnemonic 


ADDC 


SUBC 


[a [| «= | =» | =» | 
ame _[rooooois| om [+d 
ati yo -vooo 0001] Sationa | om [SS 
ar _fooootorofrooonmm| | 
newts —-fvooooros| sation [ «dS 
mais _[rooosoo1| tovade | wave [ —s 
Ca 
ture [roootrer| om | «ds 
toe (voroooss| om | Sid SCS 
aai.soye [0100001] Satnonn | oma | ———s 
ar ideo tov efroronmm| «|S 
newer _[rorooros| saimonn [<i Ss 
ainieis [vero soo1| towed | vara [SS 
CS A 
ature [rorostor| om [Sid SSCS 
Ate _-froorooss| om [| ——s«d—SS—s 
aio -voo1 0001] Satna | om [SS 
ar ifooootorefroormmm| | ———~s 
newts _fvoororos| sation [+t SS—S 
meas [voor soo1| tovade | wavaaw [——s 
Cn 
Atuswe _[roorssos| om [<i Ss 
toe vorsooss| om [sd SS 
aai.eye _|ro110001| Satnona | oma | ———~s 
ar ideo torefrors ami] «| SSS 
newer _[rorsoros| saimonn [| Ss 
fninieis vor soos] tovaie | vovaae [SS 
Am posers +i ——sdS—SOSCS 
ature [rors stor| om [Sid SOSCSCSCS—S 
Awe _forso0011, om [| «dS 
ati jo -for1 00001] Satna | om [SS 
ar ideo torofationmmm| | Ss 
newts —iforso01os| sation [ «| SSS 
mieieis [ors +o01| tovase | vara | —s 
Atay iemsossesf Sid SSCS SSCS—S 
FS CO 
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ame _forirooas| om [+d 
sais o fori 0001| Strona | om [SS 
ar ideo torofatiiamm| | Ss 
newts ifovisovos| sation [ «dt SSS 
miei ors s001| tovase | wovaawe [—s 
Cn A 
ture forssevorf om [sds 
aaa.cye _foro0oo01| Sxinonn | oa | ——s 
ar idee oo sorofatoonmm| «| —S—~S 
newex foroooros| extra | —*i[ SSS 
ninieis [oreo soo1| tovade | wares [SS 
a CD 
Atco forooster| om [Sid SOS 
Atoms fooorooss| om [| ———s«dT Ss 
ati, o-fooorooo1| Strona | om [SS 
ar _fooootorofacormmm| | 
awe fooovores| swwome [| 
mina _fooorsoos| tovade | wavaawe [ —s 
CD 
XC 
aow aera [sso 0010| towne | rere [id 
suow [axewor [1 1000010| towoio | Hohe | ——*s 
ewew [axa [sara 0010| tows | Horie [= 
Ea CD 
new |p feowenoo] | 
ros _|ai___[oooaoooa| 
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acct —ifoooo rovofammmarto| stom [| 
act [ooootorofaseecoro) | Ss 
rows _[ooootovofasmarorolaoatsisa]| id 
faim _fooootorofaseertro| —*i| Ss 
jt _fooootorolreeeorto| shome |_| 
fact —ifooootorolrammccre| |S 
rows _[ooootoso[reeerarofooarstta] ———*s 
fais foooororolrasarsre| «(|S 
er _lov _fooororeo] —~*i| +d Ss 
amr ev —fowevoreof —~+| ———~d—SCS<‘CS 
orev fooovorsre] *+| +i +t 
eau mii —_[oora0010| twas | veneer | SSC—*S 
aur [aos fos tae af] 
fet | Jotrevenop | 
en | _looraovea] —*+| 
fe _[rorormeof +i 
row —ifeorossoof +d SS 
a ET 
se _|rsorersofaoosrtoof +4 
jestne rors ooyo| tower | vores [SS 
fears _foorsoooo| mm [<i Ss 
x_frorseooof +i Sd SS 
jac__|ewine _[oorrs000| we | ——*+i|——_—+t 
ve fewtrtg—foorrs010| a | ———S«dtSCS~S~*™ 
jez [ewe [oorrss00| wp | —*+i| ——S—*t 
jz [owing —foorrass0| i | ——S«dTSCiC~* 


sfr.bit, $addr16 0000 101 0)]1 BeBiBoO0 100 Sfr-offset 
ah gecsnsfooo01010|1@amo000; me |. | 
PSW.bit, $addr16 0000101 0;)/1 BeBiBo1000)/0001 1110 
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: 
avisanirs [ooootorofaeeeoooo| i |_| 


jsautnefoorrorea| i [sd 

at saas foots eora| settee | mp | 
mor | ifoooorooo| +i —SSid SSCS 
| __Joooorerofortriorefooortisaf 
[ido oo ro rofs tri erefooor tise] 
maz_[Joooorsoof «| dT SSCS 
sor | ideo reo) Sid SSCS 
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This chapter explains the instructions of 78K/0S Series. Each instruction is described in the unit of mnemonic, 
including description of multiple operands. 

The basic configuration of instruction descriptions is shown on the next page. 

For the number of instruction bytes and operation codes, refer to CHAPTER 4 INSTRUCTION SET. 


All the instructions are common to 78K/0S Series products. 
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DESCRIPTION EXAMPLE 


Mnemonic Full name 


Move 


Byte Data Transfer 


Meaning of instruction 


[Instruction format] MOV dst, src: Indicates the basic description format of the instruction. 
[Operation] dst < src: Indicates instruction operation using symbols. 
[Operand] Indicates operands that can be specified with this instruction. Refer to 4.1 Operation 


for a description of each operand symbol. 


A, [HL + byte] 


[Flag] Indicates the operation of the flag that changes by instruction execution. 
Each flag operation symbol is shown in the legend. 


Legend 


Unchanged 
Cleared to 0 


Set to 1 
Set or cleared according to the result 
Previously saved value is restored 


[Description] Describes the instruction operation in detail. 
e The contents of the source operand (src) specified by the 2nd operand are transferred to the destination 
operand (dst) specified by the 1st operand. 


[Description example] 
MOV A, #4DH; 4DH is transferred to A register. 
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5.1 8-Bit Data Transfer Instructions 


The following instructions are 8-bit data transfer instructions. 


MOV ... 60 
XCH ... 64 
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Move 


Byte Data Transfer 


[Instruction format] MOV dst, src 
[Operation] dst < src 
[Operand] 


[HL + foe A 


A, laddr16 


Note Exceptr=A 


[Flag] 
PSW, #byte and PSW, A All other operand 
operands combinations 


[Description] 
e The contents of the source operand (src) specified by the 2nd operand are transferred to the destination 


operand (dst) specified by the 1st operand. 
e No interrupts are acknowledged between the “MOV PSW, #byte” instruction or the “MOV PSW, A” instruction 


and the subsequent instruction. 


[Description example] 
MOV A, #4DH; 4DH is transferred to A register. 
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Exchange 


Byte Data Exchange 


[Instruction format] XCH dst, src 
[Operation] dst © src 
[Operand] 


Note Exceptr =A, X 


[Description] 
e The ist and 2nd operand contents are exchanged. 


[Description example] 
XCH A, OFEBCH; The A register contents and address FEBCH contents are exchanged. 
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5.2 16-Bit Data Transfer Instructions 


The following instructions are 16-bit data transfer instructions. 


MOVW ... 63 
XCHW ... 64 
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Move Word 


Word Data Transfer 


[Instruction format] MOVW dst, src 
[Operation] dst < src 
[Operand] 


Note Only when rp = BC, DE or HL 


[Description] 
e The contents of the source operand (src) specified by the 2nd operand are transferred to the destination 
operand (dst) specified by the 1st operand. 


[Description example] 
MOVW AX, HL; The HL register contents are transferred to the AX register. 


[Caution] 
Only an even address can be specified to saddrp. An odd address cannot be specified. 
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Exchange Word 


Word Data Exchange 


[Instruction format] XCHW dst, src 
[Operation] dst © src 
[Operand] 


Note Only when rp = BC, DE or HL 


[Description] 
e The ist and 2nd operand contents are exchanged. 


[Description example] 
XCHW AX, BC; The memory contents of AX register are exchanged with those of the BC register. 
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5.3 8-Bit Operation Instructions 


The following are 8-bit operation instructions. 


ADD ... 66 
ADDC ... 67 
SUB ... 68 
SUBC ... 69 
AND ... 70 
OR ... 71 
XOR ... 72 
CMP ... 73 
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Add 


Byte Data Addition 


[Instruction format] ADD dst, src 
[Operation] dst, CY « dst + src 
[Operand] 


saddr, #byte A, [HL] 


ADD A, #oyte is —— A, laddr16 


A, JA THL+byte] + byte] 


[Description] 


The destination operand (dst) specified with the 1st operand is added to the source operand (src) specified 
with the 2nd operand and the result is stored in the CY flag and the destination operand (dst). 

If the addition result shows that dst is 0, the Z flag is set (1). In all other cases, the Z flag is cleared (0). 

If the addition generates a carry from bit 7, the CY flag is set (1). In all other cases, the CY flag is cleared (0). 
If the addition generates a carry from bit 3 to bit 4, the AC flag is set (1). In all other cases, the AC flag is 
cleared (0). 


[Description example] 
ADD CR10, #56H; 56H is added to the CR10 register and the result is stored in the CR10 register. 
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Add with Carry 


Addition of Byte Data with Carry 


[Instruction format] ADDC dst, src 
[Operation] dst, CY « dst + src + CY 
[Operand] 


[Description] 


The destination operand (dst) specified with the 1st operand, the source operand (src) specified with the 2nd 
operand, and the CY flag are added and the result is stored in the destination operand (dst) and the CY flag. 
The CY flag is added to the least significant bit. This instruction is mainly used to add two or more bytes. 

If the addition result shows that dst is 0, the Z flag is set (1). In all other cases, the Z flag is cleared (0). 

If the addition generates a carry from bit 7, the CY flag is set (1). In all other cases, the CY flag is cleared (0). 
If the addition generates a carry from bit 3 to bit 4, the AC flag is set (1). In all other cases, the AC flag is 
cleared (0). 


[Description example] 
ADDC A, [HL]; The A register contents, the contents at address (HL register), and the CY flag are added and 


the result is stored in the A register. 
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Subtract 


Byte Data Subtraction 


[Instruction format] SUB dst, src 
[Operation] dst, CY < dst — src 
[Operand] 


A, — + byte] 


[Description] 

e The source operand (src) specified with the 2nd operand is subtracted from the destination operand (dst) 
specified with the 1st operand and the result is stored in the destination operand (dst) and the CY flag. 
The destination operand can be cleared to 0 by equalizing the source operand (src) and the destination 
operand (dst). 

e If the subtraction shows that dst is 0, the Z flag is set (1). In all other cases, the Z flag is cleared (0). 

e If the subtraction generates a borrow at bit 7, the CY flag is set (1). In all other cases, the CY flag is cleared 
(0). 

e If the subtraction generates a borrow from bit 4 to bit 3, the AC flag is set (1). In all other cases, the AC flag 
is cleared (0). 


[Description example] 
SUB A, D; The D register is subtracted from the A register and the result is stored in the A register. 
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Subtract with Carry 


Subtraction of Byte Data with Carry 


[Instruction format] SUBC dst, src 
[Operation] dst, CY « dst — src — CY 
[Operand] 


[Description] 


The source operand (src) specified with the 2nd operand and the CY flag are subtracted from the destination 
operand (dst) specified with the 1st operand and the result is stored in the destination operand (dst). 

The CY flag is subtracted from the least significant bit. This instruction is mainly used for subtraction of two 
or more bytes. 

If the subtraction shows that dst is 0, the Z flag is set (1). In all other cases, the Z flag is cleared (0). 

If the subtraction generates a borrow at bit 7, the CY flag is set (1). In all other cases, the CY flag is cleared 
(0). 

If the subtraction generates a borrow from bit 4 to bit 3, the AC flag is set (1). In all other cases, the AC flag 
is cleared (0). 


[Description example] 
SUBC A, [HL]; The (HL register) address contents and the CY flag are subtracted from the A register and the 


result is stored in the A register. 


User’s Manual U11047EJ3VOUMO00 69 


CHAPTER 5 EXPLANATION OF INSTRUCTIONS 


And 


Logical Product of Byte Data 


[Instruction format] AND dst, src 
[Operation] dst < dst A src 
[Operand] 


A, ee ——_ + byte] 


[Description] 
e The destination operand (dst) specified with the 1st operand and the source operand (src) specified with the 
2nd operand are ANDed bit wise, and the result is stored in the destination operand (dst). 
e If the logical product shows that all bits are 0, the Z flag is set (1). In all other cases, the Z flag is cleared (0). 


[Description example] 
AND OFEBAH, #11011100B; The FEBAH contents and 11011100B are ANDed bit wise and the result is stored 
at FEBAH. 
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Or 


Logical Sum of Byte Data 


[Instruction format] OR dst, src 
[Operation] dst < dst v src 
[Operand] 


A, ———— + byte] 


[Description] 
e The destination operand (dst) specified with the 1st operand and the source operand (src) specified with the 
2nd operand are ORed bit wise, and the result is stored in the destination operand (dst). 
e If the logical sum shows that all bits are 0, the Z flag is set (1). In all other cases, the Z flag is cleared (0). 


[Description example] 
OR A, OFE98H; The A register and FE98H are ORed bit wise and the result is stored in the A register. 
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Exclusive Or 


Exclusive Logical Sum of Byte Data 


[Instruction format] XOR dst, src 
[Operation] dst < dst v src 
[Operand] 


A, — + byte] 


[Description] 
e The destination operand (dst) specified with the 1st operand and the source operand (src) specified with the 
2nd operand are XORed bit wise, and the result is stored in the destination operand (dst). 
Logical negation of all bits of the destination operand (dst) is possible with this instruction by selecting #OFFH 
for the source operand (src). 
e If the exclusive logical sum shows that all bits are 0, the Z flag is set (1). In all other cases, the Z flag is 
cleared (0). 


[Description example] 
XORA,L; The Aand L registers are XORed bit wise and the result is stored in the A register. 
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Compare 


Byte Data Comparison 


[Instruction format] CMP dst, src 
[Operation] dst — src 
[Operand] 


A, ———— + byte] 


[Description] 
e The source operand (src) specified with the 2nd operand is subtracted from the destination operand (dst) 
specified with the 1st operand. 
The subtraction result is not stored anywhere and only the Z, AC, and CY flags are changed. 


e If the subtraction result is 0, the Z flag is set (1). In all other cases, the Z flag is cleared (0). 

e If the subtraction generates a borrow at bit 7, the CY flag is set (1). In all other cases, the CY flag is cleared 
(0). 

e If the subtraction generates a borrow from bit 4 to bit 3, the AC flag is set (1). In all other cases, the AC flag 
is cleared (0). 


[Description example] 


CMP OFE38H, #38H; 38H is subtracted from the contents at address FE38H and only the Z, AC, and CY flags 
are changed (comparison of contents at address FE38H and the immediate data). 
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5.4 16-Bit Operation Instructions 


The following are 16-bit operation instructions. 


ADDW ... 75 
SUBW ... 76 
CMPW ... 77 
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Add Word 


Word Data Addition 


[Instruction format] ADDW dst, src 
[Operation] dst, CY « dst + src 
[Operand] 


ADDW AX, #word 


[Description] 
e The destination operand (dst) specified with the 1st operand is added to the source operand (src) specified 
with the 2nd operand and the result is stored in the destination operand (dst). 
e If the addition result shows that dst is 0, the Z flag is set (1). In all other cases, the Z flag is cleared (0). 
e If the addition generates a carry from bit 15, the CY flag is set (1). In all other cases, the CY flag is cleared 
(0). 


e As aresult of addition, the AC flag becomes undefined. 


[Description example] 
ADDW AX, #0ABCDH; ABCODH is added to the AX register and the result is stored in the AX register. 
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Subtract Word 


Word Data Subtraction 


[Instruction format] SUBW dst, src 
[Operation] dst, CY < dst — src 
[Operand] 


SUBW AX, #word 


[Description] 
e The source operand (src) specified with the 2nd operand is subtracted from the destination operand (dst) 


specified with the 1st operand and the result is stored in the destination operand (dst) and the CY flag. 
The destination operand can be cleared to 0 by equalizing the source operand (src) and the destination 
operand (dst). 

e If the subtraction shows that dst is 0, the Z flag is set (1). In all other cases, the Z flag is cleared (0). 

e If the subtraction generates a borrow at bit 15, the CY flag is set (1). In all other cases, the CY flag is cleared 
(0). 


e As aresult of subtraction, the AC flag becomes undefined. 
[Description example] 


SUBW AX, #0ABCDH; ABCDH is subtracted from the AX register contents and the result is stored in the AX 
register. 
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Compare Word 


Word Data Comparison 


[Instruction format] CMPW dst, src 
[Operation] dst — src 
[Operand] 


CMPW AX, #word 


[Description] 
e The source operand (src) specified with the 2nd operand is subtracted from the destination operand (dst) 
specified with the 1st operand. 
The subtraction result is not stored anywhere and only the Z, AC, and CY flags are changed. 
e If the subtraction result is 0, the Z flag is set (1). In all other cases, the Z flag is cleared (0). 
e If the subtraction generates a borrow at bit 15, the CY flag is set (1). In all other cases, the CY flag is cleared 
(0). 


e As aresult of subtraction, the AC flag becomes undefined. 
[Description example] 


CMPW AX, #0ABCDH; ABCDH is subtracted from the AX register and only the Z, AC, and CY flags are 
changed (comparison of the AX register and the immediate data). 
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5.5 Increment/Decrement Instructions 
The following are increment/decrement instructions. 
INC ... 79 
DEC ... 80 


INCW ... 81 
DECW ... 82 
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Increment 


Byte Data Increment 


[Instruction format] INC dst 
[Operation] dst < dst + 1 
[Operand] 


[Description] 


e The destination operand (dst) contents are incremented by only one. 

e If the increment result is 0, the Z flag is set (1). In all other cases, the Z flag is cleared (0). 

e If the increment generates a carry from bit 3 to bit 4, the AC flag is set (1). In all other cases, the AC flag is 
cleared (0). 

e Because this instruction is frequently used for a counter for repeated operations, the CY flag contents are not 
changed (to hold the CY flag contents in multiple-byte operation). 


[Description example] 
INC B; The B register is incremented. 
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Decrement 


Byte Data Decrement 


[Instruction format] DEC dst 
[Operation] dst < dst —- 1 
[Operand] 


[Description] 
The destination operand (dst) contents are decremented by only one. 


If the decrement result is 0, the Z flag is set (1). In all other cases, the Z flag is cleared (0). 

If the decrement generates a carry from bit 4 to bit 3, the AC flag is set (1). In all other cases, the AC flag is 
cleared (0). 

Because this instruction is frequently used for a counter for repeated operations, the CY flag contents are 
not changed (to hold the CY flag contents in multiple-byte operation). 

If dst is the B or C register or saddr, and it is not desired to change the AC and CY flag contents, the DBNZ 
instruction can be used. 


[Description example] 
DEC OFE92H ; The contents at address FE92H are decremented. 


80 
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Increment Word 


Word Data Increment 


[Instruction format] INCW dst 
[Operation] dst < dst + 1 
[Operand] 


[Description] 


e The destination operand (dst) contents are incremented by only one. 
¢ Because this instruction is frequently used for increment of a register (pointer) used for addressing, the Z, AC, 
and CY flag contents are not changed. 


[Description example] 
INCW HL; The HL register is incremented. 
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Decrement Word 


Word Data Decrement 


[Instruction format] DECW dst 
[Operation] dst < dst - 1 
[Operand] 


[Description] 
e The destination operand (dst) contents are decremented by only one. 


e Because this instruction is frequently used for decrement of a register (pointer) used for addressing, the Z, 
AC, and CY flag contents are not changed. 


[Description example] 
DECW DE ; The DE register is decremented. 
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5.6 Rotate Instructions 


The following are rotate instructions. 


ROR ... 84 
ROL ... 85 
ROPC ... 86 
ROLC ... 87 
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Rotate Right 


Byte Data Rotation to the Right 


[Instruction format] ROR dst, cnt 
[Operation] (CY, dst7 < dsto, dstm-1 < dstm) x one time 
[Operand] 


[Description] 
e The destination operand (dst) contents specified with the 1st operand are rotated to the right just once. 
e The LSB (bit 0) contents are simultaneously rotated to MSB (bit 7) and transferred to the CY flag. 


CY 7 0 


Fae 


[Description example] 
ROR A, 1; The A register contents are rotated one bit to the right. 
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Rotate Left 


Byte Data Rotation to the Left 


[Instruction format] ROL dst, cnt 
[Operation] (CY, dsto < Odst7, dstm+1 < dstm) x one time 
[Operand] 


[Description] 
e The destination operand (dst) contents specified with the 1st operand are rotated to the left just once. 
e The MSB (bit 7) contents are simultaneously rotated to LSB (bit 0) and transferred to the CY flag. 


CY 7 0 


Be a 


[Description example] 
ROL A, 1; The A register contents are rotated to the left by one bit. 
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Rotate Right with Carry 


Byte Data Rotation to the Right with Carry 


[Instruction format] RORC dst, cnt 
[Operation] (CY < dsto, dst7 < CY, dstm-1 < dstm) x one time 
[Operand] 


[Description] 
e The destination operand (dst) contents specified with the 1st operand are rotated just once to the right 
including the CY flag. 


CY 7 0 


[Description example] 
RORC A, 1; The A register contents are rotated to the right by one bit including the CY flag. 
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Rotate Left with Carry 


Byte Data Rotation to the Left with Carry 


[Instruction format] ROLC dst, cnt 
[Operation] (CY < dstz, dsto < CY, dstm+1 < dstm) x one time 
[Operand] 


[Description] 
e The destination operand (dst) contents specified with the 1st operand are rotated just once to the left 
including the CY flag. 


CY 7 0 


[Description example] 
ROLC A, 1; The A register contents are rotated to the left by one bit including the CY flag. 
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5.7 Bit Manipulation Instructions 


The following are bit manipulation instructions. 


SET1 ... 89 
CLR1 ... 90 
NOT1 ... 91 
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Set Single Bit (Carry Flag) 


1 Bit Data Set 


[Instruction format] SET1 dst 
[Operation] dst < 1 
[Operand] 


[Flag] 


dst = PSW.bit dst = CY In all other cases 


[Description] 
e The destination operand (dst) is set (1). 
e When the destination operand (dst) is CY or PSW.bit, only the corresponding flag is set (1). 


[Description example] 
SET1 OFE55H.1; Bit 1 of FE55H is set (1). 
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Clear Single Bit (Carry Flag) 


1 Bit Data Clear 


[Instruction format] CLR1 dst 
[Operation] dst < 0 
[Operand] 


[Flag] 


dst = PSW.bit dst = CY In all other cases 


[Description] 
e The destination operand (dst) is cleared (0). 
e When the destination operand (dst) is CY or PSW.bit, only the corresponding flag is cleared (0). 


[Description example] 
CLR1 P3.7; Bit 7 of port 3 is cleared (0). 
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Not Single Bit (Carry Flag) 


1 Bit Data Logical Negation 


[Instruction format] NOT1 dst 
[Operation] dst — dst 
[Operand] 


[Description] 
e The CY flag is inverted. 


[Description example] 
NOT1 CY; The CY flag is inverted. 
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5.8 CALL/RETURN Insiructions 
The following are call/return instructions. 
CALL ... 93 
CALLT ... 94 


RET ... 95 
RETI... 96 
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Call 


Subroutine Call (16 Bit Direct) 


[Instruction format] CALL target 


[Operation] (SP — 1) — (PC + 3)h, 
(SP — 2) — (PC + 8)L, 
SP < SP - 2, 
PC < target 


[Operand] 


CALL laddr16 


[Description] 
e This is a subroutine call with a 16-bit absolute address or a register indirect address. 
e The next instruction’s start address (PC + 3) is saved in the stack and is branched to the address specified 
with the target operand (target). 


[Description example] 
CALL !3059H; Subroutine call to 3059H 
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Call Table 
CALLT Subroutine Call (Call Table Reference) 
[Instruction format] CALLT [addr5] 
[Operation] (SP —1) — (PC +1), 
(SP — 2) < (PC + 1)L, 
SP < SP - 2, 
PCH < (00000000, addr5 + 1) 
PCL < (00000000, addr5) 
[Operand] 


CALLT [addr5] 


[Description] 
e This is a subroutine call for call table reference. 
e The next instruction’s start address (PC + 1) is saved in the stack and is branched to the address indicated 
with the word data of a call table (the higher 8 bits of address are fixed to OOO00000B and the following 5 bits 
are specified with addr5). 


[Description example] 
CALLT [40H]; Subroutine call to the addresses indicated by word data of 0040H and 0041H. 
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Return 


Return from Subroutine 


[Instruction format] RET 
[Operation] PC. < (SP), 
PCH < (SP + 1), 
SP <SP+2 
[Operand] 
None 


[Description] 
e This is a return instruction from the subroutine call made with the CALL and CALLT instructions. 
e The word data saved in the stack returns to the PC, and the program returns from the subroutine. 
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Return from Interrupt 


Return from Hardware Vectored Interrupt 


[Instruction format] RETI 


[Operation] PCL <(SP), 


[Operand] 
None 


[Description] 
e This is a return instruction from the vectored interrupt. 


e The data saved in the stack returns to the PC and PSW, and the program returns from the interrupt service 
routine. 

e None of interrupts are acknowledged between this instruction and the next instruction to be executed. 

e The NMIS flag is set to 1 by acknowledgment of a non-maskable interrupt, and cleared to 0 by the RETI 
instruction. 


[Caution] 
When the return from non-maskable interrupt servicing is performed by an instruction other than the RETI 
instruction, the NMIS flag is not cleared to 0, and therefore no interrupts (including non-maskable interrupts) can 
be acknowledged. 
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5.9 Stack Manipulation Instructions 
The following are stack manipulation instructions. 
PUSH ... 98 
POP ... 99 


MOVW SP, AX... 100 
MOVW AX, SP ... 100 
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[Instruction format] PUSH src 

[Operation] When src = rp When src = PSW 
(SP — 1) © src, (SP — 1) < src 
(SP - 2) < src, SP <— SP-1 


SP <SP -2 


[Operand] 


rp 


[Description] 
e The data of the register specified with the source operand (src) is saved in the stack. 


[Description example] 
PUSH AX; AX register contents are saved in the stack. 
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Pop 
POP Bap 
[Instruction format] POP dst 
[Operation] When dst = rp When dst = PSW 
dst. < (SP), dst < (SP) 
dst < (SP +1), SP «SP+1 
SP << SP+2 
[Operand] 


[Description] 
e Data is returned from the stack to the register specified with the destination operand (dst). 
e When the operand is PSW, each flag is replaced with stack data. 
e Nointerrupts are acknowledged between the POP PSW instruction and the subsequent instruction. 


[Description example] 
POP AX; The stack data is returned to the AX register. 
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MOVW SP, AX Move Word 
MOVW AX. SP Word Data Transfer with Stack Pointer 
3 
[Instruction format] MOVW dst, src 
[Operation] dst < src 
[Operand] 


MOVW SP, AX 
AX, SP 


[Description] 
e This is an instruction to manipulate the stack pointer contents. 


e The source operand (src) specified with the 2nd operand is stored in the destination operand (dst) specified 
with the 1st operand. 


[Description example] 
MOVW SP, AX; AX register contents are stored in the stack pointer. 
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5.10 Unconditional Branch Instruction 


The following is an unconditional branch instruction. 


BR... 102 
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Branch 


Unconditional Branch 


[Instruction format] BR target 
[Operation] PC < target 
[Operand] 


7 
— 


[Description] 
e This is an instruction to branch unconditionally. 


e The word data of the target address operand (target) is transferred to PC and program branches. 


[Description example] 
BR AX; The AX register contents are regarded as an address to which the program branches. 
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5.11 Conditional Branch Instructions 


The following are conditional branch instructions. 


BC ... 104 
BNC ... 105 
BZ... 106 
BNZ ... 107 
BT ... 108 
BF ... 109 
DBNZ... 110 
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Branch if Carry 


Conditional Branch with Carry Flag (CY = 1) 


[Instruction format] BC $addr16 
[Operation] PC < PC + 2 + jdisp8 if CY = 1 
[Operand] 


Operand ($addr16) 


[Description] 
e When CY = 1, program branches to the address specified with the operand. 
When CY = 0, no processing is carried out and the subsequent instruction is executed. 


[Description example] 
BC $300H; When CY = 1, program branches to 0300H (with the start of this instruction set in the range of 
addresses 027FH to 037Eh). 
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Branch if Not Carry 


Conditional Branch with Carry Flag (CY = 0) 


[Instruction format] BNC $addr16 
[Operation] PC < PC + 2 + jdisp8 if CY = 0 
[Operand] 


Operand ($addr16) 


[Description] 


e When CY =0, program branches to the address specified with the operand. 
When CY = 1, no processing is carried out and the subsequent instruction is executed. 


[Description example] 


BNC $300H; When CY = 0, program branches to 0300H (with the start of this instruction set in the range of 
addresses 027FH to 037Eh). 
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Branch if Zero 


Conditional Branch with Zero Flag (Z = 1) 


[Instruction format] BZ $addr16 
[Operation] PC < PC + 2 + jdisp8 if Z = 1 
[Operand] 


Operand ($addr16) 


[Description] 
e When Z = 1, program branches to the address specified with the operand. 
When Z = 0, no processing is carried out and the subsequent instruction is executed. 


[Description example] 
DEC B 
BZ $3C5H; When the B register is 0, program branches to 03C5H (with the start of this instruction set in the 
range of addresses 0344H to 0443H). 
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Branch if Not Zero 


Conditional Branch with Zero Flag (Z = 0) 


[Instruction format] BNZ $addr16 
[Operation] PC < PC + 2 + jdisp8 if Z = 0 
[Operand] 


Operand (a6 


[Description] 


e When Z =0, program branches to the address specified with the operand. 
When Z = 1, no processing is carried out and the subsequent instruction is executed. 


[Description example] 
CMP A, #55H 
BNZ $0A39H; If the A register is not 0055H, program branches to 0OA39H (with the start of this instruction set in 
the range of addresses 09B8H to 0AB7h). 
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Branch if True 


Conditional Branch by Bit Test (Byte Data Bit = 1) 


[Instruction format] BT bit, $addr16 
[Operation] PC «+ PC +b + jdisp8 if bit = 1 
[Operand] 


= 


[Description] 
e Ifthe 1st operand (bit) contents have been set (1), program branches to the address specified with the 2nd 
operand ($addr16). 
If the 1st operand (bit) contents have not been set (1), no processing is carried out and the subsequent 


instruction is executed. 
[Description example] 


BT 0FE47H.3, $55CH; When bit 3 at address FE47H is 1, program branches to 055CH (with the start of this 
instruction set in the range of addresses 04DAH to 05D94). 
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Branch if False 


Conditional Branch by Bit Test (Byte Data Bit = 0) 


[Instruction format] BF bit, $addr16 
[Operation] PC « PC +b + jdisp8 if bit = 0 
[Operand] 


= 


[Description] 
e If the ist operand (bit) contents have been cleared (0), program branches to the address specified with the 
2nd operand ($addr16). 
If the 1st operand (bit) contents have not been cleared (0), no processing is carried out and the subsequent 
instruction is executed. 


[Description example] 
BF P2.2, $1549H; When bit 2 of port 2 is 0, program branches to address 1549H (with the start of this instruction 
set in the range of addresses 14C6H to 15C5H). 
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Decrement and Branch if Not Zero 


Conditional Loop (R1 #0) 


[Instruction format] DBNZ dst, $addr16 


[Operation] dst «+ dst — 1, 
then PC < PC + b + jdisp16 if dst R1 +0 


[Operand] 


[Description] 
e One is subtracted from the destination operand (dst) contents specified with the 1st operand and the 


subtraction result is stored in the destination operand (dst). 

e If the subtraction result is not 0, program branches to the address indicated with the 2nd operand ($addr16). 
When the subtraction result is 0, no processing is carried out and the subsequent instruction is executed. 

e The flag remains unchanged. 


[Description example] 


DBNZ B, $1215H; The B register contents are decremented. If the result is not 0, program branches to 1215H 
(with the start of this instruction set in the range of addresses 1194H to 1293H). 
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5.12 CPU Control Instructions 


The following are CPU control instructions. 


NOP ... 112 
El... 113 
DI... 114 
HALT ... 115 
STOP ... 116 
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No Operation 


No Operation 


[Instruction format] NOP 
[Operation] no operation 
[Operand] 

None 


[Description] 


e No processing is performed and only time is consumed. 
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Enable Interrupt 


Interrupt Enabled 


[Instruction format] El 
[Operation] IE<c1 
[Operand] 

None 


[Description] 
e The maskable interrupt acknowledge-enable status is set (by setting the interrupt enable flag (IE) (1)). 
e Interrupts are acknowledged immediately after this instruction is executed. 
e If this instruction is executed, vectored interrupt acknowledgment with another source can be disabled. For 
details, refer to "Interrupt Functions" in the User's Manual of each product. 
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Disable Interrupt 


Interrupt Disabled 


[Instruction format] Di 
[Operation] IE<O0 
[Operand] 

None 


[Description] 


e Maskable interrupt acknowledgment with vectored interrupt is disabled (with the interrupt enable flag (IE) 
cleared (0)). 


e No interrupts are acknowledged between this instruction and the subsequent instruction. 
e For details of interrupt servicing, refer to "Interrupt Functions" in the User's Manual of each product. 
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Halt 


HALT Mode Set 


[Instruction format] HALT 
[Operation] Set HALT Mode 
[Operand] 

None 


[Description] 
e This instruction is used to set the HALT mode to stop the CPU operation clock. Total power consumption of 
the system can be reduced with intermittent operations through combination with the normal operation mode. 
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Stop 
Stop Mode Set 
[Instruction format] STOP 
[Operation] Set STOP Mode 
[Operand] 
None 


[Description] 


e This instruction is used to set the STOP mode to stop the main system clock oscillator and to stop the whole 
system. Power dissipation can be minimized to an ultra-low leakage current level only. 
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[8-bit data transfer instructions] 


MOV ... 60 
XCH ... 64 


[16-bit data transfer instructions] 


MOVW ... 63 
XCHW ... 64 


[8-bit operation instructions] 


ADD ... 66 
ADDC ... 67 
SUB ... 68 
SUBC ... 69 
AND ... 70 
OR ... 71 
XOR ... 72 
CMP ... 73 


[16-bit operation instructions] 


ADDW ... 75 
SUBW ... 76 
CMPW ... 77 


[Increment/decrement instructions] 


INC ... 79 
DEC ... 80 
INCW ... 81 
DECW ... 82 


[Rotate instructions] 


ROR ... 84 
ROL ... 85 
ROPC ... 86 
ROLC ... 87 


[Bit manipulation instructions] 


SET1 ... 89 
CLR1 ... 90 
NOT1 ... 91 


[Call/return instructions] 


CALL ... 93 
CALLT ... 94 
RET ... 95 
RETI... 96 


[Stack manipulation instructions] 
PUSH ... 98 

POP ... 99 

MOVW SP, AX... 100 

MOVW AX, SP ... 100 
[Unconditional branch instruction] 


BR... 102 


[Conditional branch instructions] 


BC ... 104 
BNC ... 105 
BZ... 106 
BNZ ... 107 
BT ... 108 
BF ... 109 
DBNZ... 110 


[CPU control instructions] 


NOP ... 112 
El... 113 
DI... 114 
HALT ... 115 
STOP ... 116 


User’s Manual U11047EJ3VOUMO0O0 117 


[MEMO] 
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APPENDIX B INSTRUCTION INDEX (MNEMONIC: IN ALPHABETICAL ORDER) 


[A] 

ADD ... 66 
ADDC ... 67 
ADDW ... 75 
AND ... 70 
[B] 

BC ... 104 
BF ... 109 
BNC ... 105 
BNZ ... 107 
BR ... 102 
BT ... 108 
BZ ... 106 
[C] 

CALL ... 93 
CALLT ... 94 
CLA1 ... 90 
CMP ... 73 
CMPW ... 77 
[D] 
DBNZ... 110 
DEC ... 80 
DECW ... 82 
DI... 114 
[E] 
Blasts 
[H] 
HALT ... 115 
i) 

INC ... 79 
INCW ... 81 


[M] 

MOV ... 60 
MOVW ... 63 
MOVW AX, SP 
MOVW SP, AX 
[N] 

NOP ... 112 
NOT1 ... 91 
[0] 
OR... 71 

[P] 

POP ... 99 
PUSH ... 98 
[R] 

RET ... 95 
RETI ... 96 
ROL ... 85 
ROLC ... 87 
ROR ... 84 
RORC ... 86 
[S] 

SET1 ... 89 
STOP ... 116 
SUB ... 68 
SUBC ... 69 
SUBW ... 76 
[x] 

XCH ... 61 
XCHW ... 64 
XOR ... 72 
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APPENDIX C REVISION HISTORY 


A history of the revisions up to this edition is shown below. “Applied to:” indicates the chapters to which the 


revision was applied. 


2nd Addition of the following target products Throughout 
uPD789026, 789407, 789417, 789800, and 789806Y Subseries 
Modification of the format of the table of the internal data memory space of the CHAPTER 1 MEMORY 
78K/0S Series products SPACE 


Throughout 


Addition of the following target products 
uPD789046, 789104, 789114, 789124, 789134, 789146, 789156, 789167, 


789177, 789197AY, 789217AY, 789407A, 789417A, and 789842 Subseries 


ao 789417, and 789806Y Subseries 
Modification of MOV PSW, | Modification of MOV PSW, #yteinstructioncodle = instruction code CHAPTER 4 INSTRUCTION 
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NEC 


Although NEC has taken all possible steps 
e€ssage to ensure that the documentation supplied 
to our customers is complete, bug free 


and up-to-date, we readily accept that 


From: 
errors may occur. Despite all the care and 
precautions we've taken, you may 

Name encounter problems in the documentation. 
Please complete this form whenever 

Company you'd like to report errors or suggest 
improvements to us. 

Tel. FAX 

Address 


Thank you for your kind support. 


North America Hong Kong, Philippines, Oceania Asian Nations except Philippines 
NEC Electronics Inc. NEC Electronics Hong Kong Ltd. NEC Electronics Singapore Pte. Ltd. 
Corporate Communications Dept. Fax: +852-2886-9022/9044 Fax: +65-250-3583 
Fax: 1-800-729-9288 

1-408-588-6130 
Korea Japan 

: NEC Electronics Hong Kong Ltd. NEC Semiconductor Technical Hotline 

Re ee tonics ere he) Ai “Saal aeanch Fax: 044-435-9608 
Fax: 02-528-4411 


Europe 


Technical Documentation Dept. 
Fax: +49-211-6503-274 


South America Taiwan 


NEC do Brasil S.A. NEC Electronics Taiwan Ltd. 
Fax: +55-11-6465-6829 Fax: 02-2719-5951 


| would like to report the following error/make the following suggestion: 


Document title: 


Document number: Page number: 


If possible, please fax the referenced page or drawing. 


Document Rating Excellent 
Clarity 


Technical Accuracy 
Organization 


